There is evidence that a diet rich in fruit and vegetables reduces blood pressure (BP). Characteristically, the Mediterranean diet is rich in plant-derived foods and also in fat, but studies conducted in Mediterranean countries to relate diet to BP are scarce. We studied the association between fruit and vegetable consumption and BP in a cross-sectional analysis of 4393 participants in the Seguimiento Universidad de Navarra (SUN) Study, an ongoing dynamic cohort study in Spain. Diet was measured using a food-frequency questionnaire previously validated in Spain. Fat represented more than 37 % total energy intake. Subjects were considered to have undiagnosed hypertension if they reported systolic BP $140 mmHg or diastolic BP $ 90 mmHg, and not a medical diagnosis of hypertension. The adjusted prevalence odds ratio of undiagnosed hypertension (upper v. lowest quintile) was 0·58 (95 % CI 0·36, 0·91; P for trend 0·01) for vegetable consumption and 0·68 (95 % CI 0·43, 1·09; P for trend 0·10) for fruit consumption. Comparing those in the highest quintile of both fruit and vegetable consumption with those in the lowest quintile of both food groups, the prevalence odds ratio was 0·23 (95 % CI 0·10, 0·55; P¼0·001), after adjusting for risk factors for hypertension and other dietary exposures. In a Mediterranean population with an elevated fat consumption, a high fruit and vegetable intake is inversely associated with BP levels.
There is increasing evidence that certain lifestyles can lead to compelling reductions in blood pressure (BP) levels and in the prevalence of hypertension, resulting in a decreased risk of its complications. Maintaining a normal body weight, engaging in customary physical activity, and reducing Na and alcohol intake, are the most classical and typical lifestyle recommendations for the primary prevention of hypertension (Whelton et al. 2002) .
There are also other aspects concerning dietary patterns presumably related to BP levels, such as K, Ca, Mg, fibre, protein and fat intake (Hermansen, 2000) . Nonetheless, the most appealing reductions in BP have been related to the modification of whole diets and not with the administration of separated nutrient supplements, as shown by the Dietary Approaches to Stop Hypertension (DASH) trial (Appel et al. 1997; Sacks et al. 2001) . In the DASH trial, a diet rich in fruit, vegetables and low-fat dairy products, but reduced in saturated and total fat, obtained an average 5·5 mmHg reduction in systolic BP (SBP).
The classical Mediterranean diet has been postulated as a protective pattern against CHD (Willett et al. 1995; De Lorgeril et al. 1999; Robertson & Smaha, 2001; Singh et al. 2002; Martínez-González et al. 2003; Trichopoulou et al. 2003; Martínez-González & Sánchez-Villegas, 2004) . In addition to a high vegetable-fat content, mainly from MUFA (with olive oil as the main source), another major component of this dietary pattern is an abundant consumption of vegetables and fruits. This could be one of the multiple pathways by which the cardioprotective effect of a Mediterranean dietary pattern might be elicited.
The aim of the present study was to evaluate the relationship between fruit and vegetable consumption and BP levels at baseline in the Seguimiento Universidad de Navarra (SUN) Study, a dynamic cohort of university graduates intended to evaluate the effect of a Mediterranean dietary pattern on the risk of cardiovascular disease.
Methods

The Seguimiento Universidad de Navarra Study
The SUN project was designed in collaboration with the Harvard School of Public Health and its methodology is similar to that used in large American cohorts such as the Nurses' Health Study and the Health Professionals Follow-up Study. A detailed description of its methods has been published elsewhere (Martínez-González et al. 2002; Sánchez-Villegas et al. 2003) .
Study population
The recruitment of the cohort started in December 1999 and it is still ongoing because the design is that of a dynamic cohort study (Rothman, 2002) . A mailed questionnaire was sent to all alumni of the University of Navarra living in Spain, to highly educated subjects belonging to an Insurance Company (ACUNSA) and to registered nurses from the Professional Association of Nurses of Navarra. The study protocol has been approved by the Institutional Review Board of the University of Navarra. We considered the response to the initial questionnaire as an informed consent to participate in the study.
For the present analysis, we have taken into account the first 8830 participants of the cohort. Subjects reporting a diagnosis of cancer, CHD or diabetes were excluded because of possible dietary changes following the diagnosis of these disorders, thus originating a reverse causation bias, typical in cross-sectional studies (Tormo et al. 2000) . We also excluded those participants reporting a medical diagnosis of hypertension including those taking anti-hypertensive drugs. Those who did not report their usual BP were also excluded. These exclusion criteria left 4393 participants available for analysis.
Dietary assessment
Diet was assessed using a semi-quantitative food-frequency questionnaire previously validated in Spain (Martín-Moreno et al. 1993) . The current version of this questionnaire covers 136 individual food items. For each food, a standard portion size was specified and participants were asked to estimate their average intake over the previous year, choosing between nine categories from 'never or almost never' to 'more than six times a day'. There were thirteen separate items for different fruits, and eleven items for vegetable consumption.
Other covariates
The baseline survey included questions about different socio-demographic factors (sex, age, marital and employment status, university degree), anthropometric (weight, height), health-related habits (smoking status, alcohol consumption, physical activity) and clinical variables (use of medication, personal and family history of CHD, cancer and other diseases). BMI was calculated as the selfreported weight in kilograms divided by the square of height in metres.
To quantify the amount of activity during leisure time, an activity metabolic equivalent (MET) index was computed by assigning a multiple of resting metabolic rate (MET score) to each activity. Time spent in each of the activities was multiplied by the MET score specific to each activity, and then summed over all activities obtaining a value of overall weekly MET-hours (Martínez-González et al. 1999; Ainsworth et al. 2000) .
Assessment of blood pressure BP status was defined by self-reported responses to the questionnaire. Participants were asked whether they had ever had a medical diagnosis of hypertension. Those who had a medical diagnosis or were under treatment for hypertension were excluded from the analyses. In addition, we requested information from all participants about their usual SBP and diastolic BP (DBP) levels. The participants could choose between the following categories for SBP (mmHg): lower than 100; 101 -110; 111 -120; 121 -130; 131-140; 141 -150; 151-160; 161 -175 ; greater than 175. For DBP they could choose between (mmHg): lower than 60; 61-70; 71-80; 81 -90; 91 -100; 101-110; 111 -120; 121 -130; greater than 130. No specific recommendations about timing or device for BP measurements were given. We considered an individual to have previously undiagnosed hypertension if she or he did not report a medical diagnosis or treatment for hypertension, but nevertheless reported that she or he had SBP equal to or greater than 140 mmHg and/or DBP equal to or greater than 90 mmHg. We followed the criteria from the seventh report of the Joint National Committee (Chobanian et al. 2003) . This case-definition allowed us to capture mainly recent cases of hypertension, excluding those who might have been labelled as 'hypertensive' for a period before our assessment.
Statistical analysis
The main outcome for analysis was previously undiagnosed hypertension according to the criteria defined earlier. Nutrients were derived using Spanish food-composition tables (Mataix Verdú, 2003) . Food consumption was adjusted for total energy intake using the residuals method (Willett, 1998) . For each energy-adjusted food, we specified five levels of intake with quintiles as cut-off points. We calculated prevalence ratios of undiagnosed hypertension associated with food intakes, defined as the prevalence of undiagnosed hypertension among subjects in each category of food intake divided by the corresponding rate among subjects in the lowest category of intake. To assess the combined effect of fruit and vegetable intake, we created a new variable summing up quintiles of fruit and vegetables. In this manner, we obtained a variable with a range from 2 to 10 (scoring 2 for those in the lowest quintile of both fruit and vegetable consumption, and 10 for those in the upper quintile of both food groups). To adjust for several variables simultaneously, we used non-conditional logistic regression, obtaining in this way prevalence odds ratios (OR). In an additional analysis, we used self-reported SBP and DBP as continuous variables, and multiple linear regression analyses were performed. All these analyses were repeated considering selfreported hypertension or taking anti-hypertensive medication as the dependent variable. Finally, we conducted logistic regression analyses after stratifying by MUFA intake to assess possible effect modification by this variable. We tested the significance of the interaction term with a likelihood ratio test (Hosmer & Lemeshow, 2000) . All analyses were performed with SPSS 10.0 for Windows (SPSS Inc., Chicago, IL, USA).
Results
To prevent biases derived from reverse causation (prescribed diets as a consequence of a diagnosis of cardiovascular disease, diabetes or hypertension) and also to preclude any misclassification due to the imputation of missing values, we excluded those participants reporting a diagnosis of cancer or cardiovascular disease (n 619), diabetes (n 108) or a medical diagnosis of hypertension (n 546). Additionally, 546 subjects were excluded from the analyses due to incomplete information about diet. BP levels were unknown for a sizeable number of participants, because 2555 subjects did not report their BP level. Finally, sixty-three participants lacked information in other covariates, thus resulting in 4393 individuals available for analysis. Table 1 reports the distribution of selected variables among individuals excluded and individuals included in the analyses. A lower mean fruit and vegetable consumption was found among participants with missing values for BP. In addition, they were younger, had a higher intake of alcohol, of total fat and saturated fats, and a lower intake of MUFA. Therefore, individuals who lacked information about this variable perhaps were more likely to include more cases of hypertension.
The mean SBP and DBP were 114 and 70 mmHg, respectively. According to their reported SBP and DBP, 217 (4·9 %) participants were considered to have previously undiagnosed hypertension. The distribution of known risk factors according to quintiles of vegetable and fruit consumption is shown in Tables 2 and 3 . Age and female sex were positively correlated with fruit and vegetable consumption, whereas alcohol and Na intakes were negatively correlated with both food groups. The BMI and the leisure-time physical activity were not related to the consumption of these foods. Total fat intake was inversely correlated with fruit and vegetable consumption. This is mainly due to saturated fatty acid (SFA) intake, whose intake decreased with a higher fruit and vegetable consumption. On the other hand, MUFA intake did not change with vegetable consumption.
In the age-and sex-adjusted analyses, consumption of vegetables and fruits showed an inverse linear relationship with the prevalence of undiagnosed hypertension (Tables 4 and 5 ). After adjustment for known risk factors for hypertension, the relationship between vegetables and undiagnosed hypertension showed no change but the magnitude of the relationship between fruit consumption and the prevalence of undiagnosed hypertension decreased. Compared with subjects in the first quintile of vegetable consumption, the OR for those in the fifth quintile was 0·58 (95 % CI 0·36, 0·91; P for trend 0·01). For fruit intake, the reduction in prevalence was smaller and nonsignificant (OR 0·68; 95 % CI 0·43, 1·09; P for trend 0·10). Fruit and vegetable consumption was correlated with other foods and nutrients. Analyses were repeated adjusting additionally for K, Mg, fibre, folic acid, total fat, or SFA intake, nuts and legumes consumption. However, estimates did not substantially change (data not shown).
When we included the sum of quintiles for fruit and vegetable consumption (range 2 to 10) in the logistic regression model as a continuous variable, the OR of undiagnosed hypertension for each additional point in this variable was 0·91 (95 % CI 0·85, 0·97; P¼ 0·004). This was after adjusting for age, sex, BMI, physical activity, alcohol intake, Na consumption, the MUFA:SFA intake ratio, and hypercholesterolaemia. When we considered this score as a categorical variable, there was an impressive reduction of prevalence for those with the maximum score (score 10) compared with those with the minimum (score 2) (OR 0·23; 95 % CI 0·10, 0·55; P¼ 0·001). But when we repeated these analyses considering as the outcome an established medical diagnosis of hypertension (i.e. those participants already labelled as 'hypertensive'), we did not observe any association with fruit and vegetable consumption.
In the analysis using the reported SBP and DBP as continuous variables, an inverse significant linear trend was evident for fruit consumption and BP. Considering SBP as the dependent variable in a multiple linear regression model, the regression coefficient for each additional 100 g fruit consumption was 2 0·16 mmHg (95 % CI 2 0·28, 2 0·05; P¼ 0·004), after adjusting for age, sex and known risk factors for hypertension. For DBP, the results were similar (regression coefficient 2 0·15 mmHg/100 g fruit; 95 % CI 2 0·24, 2 0·07; P, 0·001). On the other hand, the relationship between vegetable consumption and SBP or DBP did not show a linear relationship (P values for regression coefficients 0·73 and 0·24 respectively). However, when we included a quadratic term for vegetable consumption, a significant relationship became apparent for vegetable intake both for SBP and DBP (P, 0·05 in both cases). These coefficients were highly consistent with an inverse association for most of the range of vegetable consumption and a plateau at the highest levels of consumption. Finally, when we used the quintiles for fruit and vegetables (range 2 -10) in the linear regression analysis, an inverse significant relationship with BP was observed for this variable. The regression coefficient for each additional point in the score was 2 0·27 (95 % CI 2 0·44, 2 0·10; P¼ 0·002) for SBP and 2 0·27 (95 % CI 2 0·39, 2 0·14; P, 0·001) for DBP. This implies that those with the highest fruit and vegetable consumption (score 10) had an average SBP and DBP 2·2 mmHg lower than those with the lowest consumption (score 2).
The addition of an interaction term for MUFA (dichotomised at the median) and fruit -vegetable consumption (as a continuous variable) showed a marginally statistically significant improvement in the model (P¼ 0·06). The prevalence of undiagnosed hypertension decreased with the increasing consumption of fruits and vegetables in those with a low MUFA intake, whereas the association between fruit and vegetable intake and undiagnosed hypertension was not so apparent and almost null among those with a high MUFA intake. A higher MUFA intake was also associated with a decreased prevalence of undiagnosed hypertension, especially among participants with a lower consumption of fruit and vegetables. These results were similar whether we considered absolute MUFA intake, energy-adjusted MUFA intake or percentage of MUFA from total energy intake. Given that olive oil is the main source of MUFA in Spain, we explored this same issue with energy-adjusted olive oil. The interaction term was not significant for olive oil and fruit -vegetable consumption. Finally, Table 6 reports the OR of undiagnosed hypertension according to MUFA and fruit -vegetable consumption, using individuals with the lowest intake of both fruit -vegetables and MUFA as the reference category. When we repeated these analyses with SFA or PUFA instead of MUFA intake no significant interaction was found.
Discussion
We have found an inverse relationship between fruit and vegetable consumption and the prevalence of non-previously Table 4 . 
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diagnosed hypertension in a Mediterranean population with a very high intake of both fat and plant-derived foods.
There was a 77 % reduction in the prevalence of this condition for those with the higher consumption of both fruit and vegetables compared with those situated in the lower quintiles of both food groups. This inverse relationship was also evident when considering BP as a continuous variable, with a mean SBP and DBP of 2·2 mmHg lower for those with the highest consumption of both fruit and vegetables compared with those with the lowest intake. Interestingly, a higher MUFA intake was associated with a lower prevalence of previously undiagnosed hypertension, but only among those with a low intake of fruit and vegetables.
Results from different epidemiological studies are consistent with the present findings. Published data from the Nurses' Health Study and the Health Professionals Follow-up Study showed an inverse association between fibre and Mg consumption and the incidence of hypertension (Ascherio et al. 1992 (Ascherio et al. , 1996 ; both food components are very abundant in fruits and vegetables. In fact, in the Nurses' Health Study, fruit and vegetable intake, considered as a whole, was inversely related to the incidence of hypertension (Ascherio et al. 1996) . In the Chicago Western Electric Study, after 8 years of follow-up, vegetable protein and an antioxidant vitamin score based on vitamin C and b-carotene were inversely and significantly related to average annual change in SBP (Stamler et al. 2002) .
The present results are also in accordance with those from the randomised DASH trial (Appel et al. 1997; Sacks et al. 2001) . In that trial, a diet rich in fruits, vegetables, and low-fat dairy products and with reduced saturated and total fat, achieved a reduction of 5·5 mmHg in SBP and 3·0 mmHg in DBP, compared with a control diet. A diet rich in fruit and vegetables, but with a fat content similar to the control diet, obtained a smaller reduction in BP levels. These results were obtained in a controlled environment, with specifically designed diets.
Interestingly, the present results are derived from a freeliving population, evidencing a similar effect of a high consumption of fruits and vegetables on BP in the general public. Moreover, a high fat intake was present in our population. The adoption of a diet rich in fruits and vegetables, even in the context of a high fat intake, could potentially shift the population distribution of BP downward, reducing the occurrence of BP-related cardiovascular disease.
The recent PREMIER Clinical Trial (Writing Group of the PREMIER Collaborative Research Group, 2003) documented that individuals with above-optimal BP can benefit from recommendations aimed to attain a similar diet to that used in the DASH trial. The individuals obtained BP levels lower than those derived from more limited lifestyle modifications (weight reduction, Na restriction, increased physical activity), although the decrease was not significant. In the present study, we found that in a different and non-controlled setting some elements of the DASH diet had a similar effect on BP. Moreover, we assessed individuals whose usual diets contain a very high intake of both fat and plantderived nutrients, supporting the view that it is possible and realistic to follow a diet with these characteristics.
Although the SUN Study is a prospective cohort study, the reported results are derived from a cross-sectional analysis. This kind of analysis has potential drawbacks, including the difficulty to distinguish cause and effect. However, we have excluded from our analysis individuals with medically diagnosed hypertension (labelled 'hypertensives'). Diets in these individuals are probably different due to their lifestyle modifications derived from diagnosis and clinical advice from their physicians. In a study conducted in a Spanish population, awareness of hypertension was associated with an increase in the consumption of plant foods (Tormo et al. 2000) . Including only individuals not previously labelled as diseased makes less likely a disease-driven change in diet and the reverse causation bias. In this way, it is possible to assume that the reported diet * An individual was considered to have previously undiagnosed hypertension if she or he did not report a medical diagnosis or treatment for hypertension but nevertheless reported that she or he had systolic blood pressure equal to or greater than 140 mmHg and/or diastolic blood pressure equal to or greater than 90 mmHg. For details of the sum of quintiles of fruit and vegetable consumption, see p. 312. † Adjusted for age (years), sex, BMI, energy-adjusted alcohol consumption (g/d), energy-adjusted Na consumption (mg/d), hypercholesterolaemia (as a dichotomous variable) and physical activity during leisure time (metabolic equivalents; h/week). ‡ Reference.
is a good approximation to past and present diet. Anyway, diet changes derived from the awareness of hypertension would include an increase in fruit and vegetable consumption, thus obscuring the association between the intake of these foods and BP. We have observed an inverse relationship despite this possible bias.
There could be other factors associated both with BP and the intake of fruit and vegetables that might confound the present results. In our analysis we have adjusted for the main known risk factors for hypertension (alcohol and Na intake, level of physical activity, and overweight). Besides, our population is relatively homogeneous, all being university graduates, allowing a better comparability of subjects (Rothman & Greenland, 1998) .
Other nutrients and foods, such as nuts, legumes, whole grain, fibre, and Mg, are highly correlated with fruit and vegetable intake. Analysis adjusted for these variables did not change our estimations. In fact, these foods were not independently associated with the prevalence of undiagnosed hypertension.
An obvious limitation of the present study is the high percentage of non-response. This could be seen as a selection bias. Actually, non-respondents were younger and with a different dietary profile compared with respondents. However, it is conceivable that these discrepancies did not account for a diverse relationship between plant-food consumption and undiagnosed hypertension in both groups of subjects.
Prevalence of hypertension in the Spanish adult general population is about 45 % (Banegas et al. 1998) , although less than one half of the affected is aware of his or her condition. The awareness of hypertension has increased in Spain from 67 %, in 1988 67 %, in , to 76 %, in 1996 67 %, in (Sans et al. 2001 . Furthermore, hypertension awareness changes across different groups. For example, women, older individuals and those with a higher educational or socio-economic level report more accurate BP values (Colditz et al. 1986; Goldman et al. 2003) . In the SUN Study, the selfreported medical diagnosis of hypertension at baseline was 14·9 %. SUN participants are relatively young and well educated, which may account for a lower prevalence. However, this does not affect the reported results, given that the objective of the present study was not to estimate the prevalence of hypertension in the general population, but to assess the relationship between diet and BP. Using a highly selected population increases the internal validity of the study, because of a higher awareness and a higher reliability of self-reported data.
Information from the dietary intake obtained through a food-frequency questionnaire is usually a good correlate of usual diet. Nonetheless, a certain degree of misclassification always occurs. This problem would shift estimations towards the null value. So, the real association between BP and fruit and vegetable intake is probably greater than that reported in the present study. In this case, the validation study for the questionnaire used in the present study showed a fair reliability (Martín-Moreno et al. 1993) .
It is possible that the overall plant-food-derived components of diet (including vegetable oils) influence the prevalence of hypertension. The biological pathways for the effect of plant-derived foods on BP levels are diverse.
K is one of the most important nutrients in this relationship (He & MacGregor, 2001 ). In contrast, we were not able to show a significant association between K and BP; when we adjusted for K intake in the analysis, there were no substantial changes in the estimates for the association of BP with fruit and vegetable consumption. We acknowledge that this can also be due to inaccurate information about the specific K content of some foods leading to some degree of measurement error in K intake, which may conceal the actual relationship between K and lower BP. However, an alternative explanation is that other plant-food components are also implicated in the protection against hypertension such as antioxidants, present in high concentrations in fruits and vegetables. Indeed, it has been shown that 100 g fresh apples may have an antioxidant activity as high as 1500 mg ascorbic acid (Eberhardt et al. 2000) . Vascular oxidative stress may also be implicated in the pathophysiology of hypertension, resulting in impaired endothelium-dependent vasodilatation (McIntyre et al. 1999) . In patients with essential hypertension, the infusion of an antioxidant such as ascorbic acid normalises endothelial function by restoring the NO-mediated vasodilatation of the endothelium (Sowers, 2002) . In a controlled feeding trial, the consumption of antioxidants from vegetable sources has produced a reduction in the endothelial impairment due to a high-fat meal (Esposito et al. 2003) . However, the overall effect of ascorbic acid and other antioxidants on BP is far from being resolved (Kim et al. 2002; Mullan et al. 2002; Svetkey & Loria, 2002) . All these pathways represent complementary or alternative mechanisms to K which might explain the protection of fruit and vegetable intake against hypertension.
There is also biological plausibility for the reported effect of MUFA intake on BP. In some studies, it has been observed that MUFA intake decreases BP levels (Ruiz-Gutiérrez et al. 1996) and reduces the need for anti-hypertensive medication in hypertensives (Ferrara et al. 2000) . The effect of MUFA on BP could be mediated through a decrease in insulin resistance (Salas et al. 1999) .
Interestingly, we have observed that the association of fruit and vegetable consumption with undiagnosed hypertension was different according to the level of MUFA consumption (effect modification). The effect of each dietary component was greater when there was a low consumption of the other one. This is consistent with a causal effect of these foods and nutrients on BP; individuals at higher risk receive greater benefit from exposure to a preventive factor, whereas those with lower risk due to other healthy lifestyles do not exhibit additional benefit from protective exposures. However, these results must be considered cautiously given that the interaction term was marginally statistically significant and could be a false positive result.
In summary, we have found that a diet rich in fruits and vegetables is associated with a lower BP level in a Mediterranean free-living population with an abundant intake of both fat and plant-derived foods. However, it remains unexplored the potential subgroups which especially benefited from these food groups. The consideration of realistic dietary patterns that the population usually and easily may adopt will bring a more practical approach to the prevention of hypertension through diet, since nutrients and foods are consumed in association. The follow-up of a cohort with a high consumption of foods supposed to be protective will give rise to sound scientific evidence.
